patterns of spray timing and number of sprays leading to high yields? Are low pest damage and higher yields correlated with the same timing of sprays? It is hoped that even tentative answers to these questions would increase our understanding of these relationships and help the agricultural extension service in educating farmers in the efficient use of pesticides.
III. RESULTS
n. DATA SOURCES Among the three important variables -yield per acre, percentage of damage from pests, and number of sprays -the last variable revealed the least amount of variation. Forty-seven percent of the sampled farmers sprayed twice during the season.6 Seventy-fivepercent of the sample farmers sprayed early during the season.7 The practice of "preventive" spraying by farmers may be a reason for a high concentration in the early part of the season.
A correlation matrix of all major variables is given in Table 1 . On an a priori basis, yield (YLD83) is expected to be positively related with number of sprays (NSPRA) and negatively related with percentage of damage by pest attack (PESTDAM). An inverse relationship is hypothesized between pest damage and number of sprays. The correlations among the three variables are weak but confirm the a priori expectations. Low negative correlations among the spray periods may be interpreted as indicative of some degree of interval between spray periods. For example, those who sprayed early in the season are less likely to spray just before the Realizing the importance of the extension service for improving cotton yields, the Pakistan Central Cotton Committee (PCCC) initiated the Cotton Maximization Project in Tharparkar district of Sind in 1980-81. The Applied Economics Research Centre of the University of Karachi was asked to evaluate the impact of the extension service provided specifically to that project. This study is based on a sample of 114 respondents in 1983. Information was gathered on the number of sprays, the timing of sprays, the farmer's assessment of pest damage, and the yield per acre? Among these variables,the timing of the pesticide spray needs some elaboration.
Since rains and high humidity encourage pest breeding, the likelihood of damage by insects and pests is highest during the rainy season, which extends from July to September. The rainy season is thus a period of extensive spraying activity in the province.3 Depending on a host of factors, e.g. past experience, pest infestation, advice of the extension agent, and ability to pay for expensive pesticide, spraying farmers spray their crop 1-2 times, and, in some cases, five times during the season. 4 To capture the timing of spray as closely as possible, the three-month spraying season was divided into 12 weeks, and farmers were asked to identify the week of the spray and the number of the successivesprays, i.e. whether it was the first, second or third one during the season.
During the survey, farmers and extension agents revealed that pest attacks were most severe'during the period from the second fortnight of August to the first fortnight of September.s On the basis of this information, spray timing was split into four periods. The pre-pest attack period was split into two sub-periods: Dl, which covered the entire month of July, and D2, which covered the first fortnight of August. The pest-attack period was denoted by D3, and the last fortnight of the spraying season by D4. This procedure of aggregation,it was hoped, would partially overcome problems of recall errors commonly associated with field surveys.
2Information on the timing of spray was systematically gathered under this study for the first time in this year.
3It is equally possible that pest attacks are independent of actual rain fall, as was the case in this year.
4 Spraying is usually undertaken to control Cotton Jassid, Whiteflies, Spotted Bollworm, Armyworm and Cotton Leaf Roller, commonly found in this region of the country.
5In 1983, Armyworm and Cotton Leaf Roller severely damaged the cotton crop at the maturity stage.
6Twenty-two percent sprayed once and 21 percent sprayed thrice. Only 3.5 percent did not spray at all.
7The percentages of the farmers reporting sprays during other periods are: 44 percent during D2; 45 percent during the pest attack and II percent after the pest attack (D4). We use regression analysis to explore the relationship of spray period and number of sprays with yield as well as percentage of pest damage. The regression results are reported in Appendix (Tables A and B ). For equations with yield per acre as the dependent variable, we can make three major observations:
Among the four interaction variables corresponding to spray periods, only D3 has a significant impact on yields. The highest yields seem to have resulted from higher number of sprays and from spraying in the pest-attack period. Results do not improve by including the spray periods and the number of sprays as independent variables in a single equation. However, it may be noted that the impact of the timing of sprays on yields is highest for D3, i.e. those who sprayed during the pest-attack period had the highest yields. If only the number of sprays are regressed, they have a significant and . positive impact on yields. But if the spray periods are regressed on yields, the coefficient of D3 is significant. In other words, spraying during the pest-attack period led to higher yields.
In equations with the percentage of pest damage as the dependent variable, it is observed that spraying during the pest-attack period (D3), either independently or jointly with the number of sprays, consistently appears as a significantdeterminant oflower pest damage.
Since the yield level and degree of pest damage seem to vary with the combination of the number and the timing of sprays, cross-classifiedmatrices with yield levels and pest damage are given in Tables 2 and 3. In Table 2 , yields are higher on farms with larger numbers of sprays and those on which spraying was done before and during the pest attack.8 In Table 3 , the combination of the timing and the number of sprays, showing a lower percentage of damage by the pests, are the same, as shown in the yield matrix.
All farmers who sprayed before and during the pest attack and three times during the season were selected. Though the farmers who sprayed four times show higher yields, it was felt that the mean of a small number of observations would be less reliable. The average yields of those who sprayed twice and before and during the pest attack were significantly lower than those of the rest of the sample. A two-sample t-test was applied to establish whether the averageyield and the percentage of pest damage of this select group were significantly different from the means 
obtained for the rest of the sample. The results are reported in Table 4 . The mean yields of the selected farmers are significantly different from those of the rest of the sample. However, the t-value for the differences in average pest damage is low and statistically insignificant. 
IV. POLICYIMPLICATIONS
There are two major findings of this study:
The number of sprays and spraying during the pest attack are significant in explaining variation in yields, while only the latter variable contributes to a lower damage by pests. Specifically, the study indicates that a combination of three sprays and spraying during the last fortnight of August and the first fortnight of September result in significantly higher yields. A more disaggregated look at the data reveals that the yields obtained by farmers using the above combination were sixty percent higher than the yields obtained by farmers employing other combinations.
A word of caution is necessary before any policy conclusions are drawn. The above preliminary findings are specific to location, timing, pest density, and type of pest and relate to a single year. Similar analysis is needed of data over a number of years and from other cotton-growing areas of Pakistan. This would not only verify the results obtained from the Tharparkar region of Sind, but would also ensure a wider and robust generalization of the results for the benefit of agricultural extension services. Moreover, policy-oriented research on the economics of pesticide use should focus on the following aspects: (a) information on pesticide use with respect to the brand and generic names, quantities, cost, and timing; (b) data collection on a weekly basis by pest-scouting teams on pest characteristics and intensity of pest attack; and (c) monitoring of the extent of boll formation in each week during the 
